The harpacticoid copepod Tisbe biminiensis has been tested as live prey in marine crustacean and fish larviculture. The aim of the present study was to characterize the proteinases in the crude extract of T. biminiensis. Trypsin activity was assayed in the crude extract prepared by the homogenization of specimens reared under controlled laboratory conditions and fed on diatoms and commercial fish food. The physical-chemical and kinectics parameters were determined using BApNA as substrate. Optimal pH and temperature were 9.0 and 55uC, respectively. This enzyme was thermostable until 50uC. Using BApNA as substrate, the Km was 0.59 mM and the proteolytic activity was strongly inhibited by specific trypsin inhibitors. However, the presence of other proteases was observed using substrate-SDS-PAGE. Eight caseinolytic bands were observed in the zymogram, four of them were not inhibited by classical mammalian trypsin inhibitors. Trypsin from T. biminiensis showed similar properties to those described for species used in commercial aquaculture. These results demonstrate that T. biminiensis may be a source of proteases, including trypsin-like enzymes.
INTRODUCTION
Nutrition is extremely important to any sector of commercial animal production, especially fish and crustacean larviculture. Different types of diets are available and live feed plays a key role in the growth of many aquatic animals. The main problem in most marine fish farming is the high mortality rate associated with the initial feeding of larvae (García-Ortega, et al., 2000) . For many fish species, live feed yields better results in terms of growth and survival when compared to fish fed artificial diets (Dabrowski, 1984) . In fact, the commercial production of fish and crustacean larvae, post larvae, and juveniles depends on the supply of live prey, mainly the rotifers Brachionus sp. and nauplii of Artemia (Kolkovski, 2001; Koven et al., 2001; . Although these animals offer low nutritional value, their production is relatively easy and this ensures their predominance as live prey (Støttrup, 2000) .
Copepods could be an alternative to this problem. In comparison to copepods, brine shrimp (Artemia sp.) synthesize or incorporate a significantly lower amount of EFA (essential fatty acids) 22:6-3 and have lower DHA (docosahexaenoic acid): EPA (eicosapentaenoic acid) ratios even when fed diets rich in DHA (McEvoy et al., 1995; Fleeger, 2005) . These fatty acids (EFA, DHA and EPA) are important to the successful development of aquatic animals as they promote growth, pigmentation, resistance to stress, and improved larval quality (Lavens et al., 1995) . Although copepods are recognized as an important source of nutrients, they are underused in the aquaculture because brine shrimp offer the advantage of storage in their cysts of resistance (Drillet et al., 2006) . However, copepods are promising candidates for largescale aquaculture as live feed for fish and crustacean larvae (Lima et al., 2007; Olivotto et al., 2008a, b) for the following reasons: 1) the wide range of body size between nauplii and adults; 2) their movement, which constitutes a visual stimulus for the larvae; 3) they have high fecundity and short generation time; 4) tolerance to a wide range of environmental changes; 5) use of a large variety of food sources such as yeast, algae and ration; and 6) they can reach high population density (Delbare et al., 1996) .
The digestion of food in the early stages of fish and shrimp growth can be improved by a set of enzymes that are synthesized in the midgut region of copepods (Brunet, 1994) . Jancarik (1964) suggested that these exogenous enzymes, which are present in live feed, may support the digestive processes in fish. Understanding enzymatic activity in aquatic animals is important for the choice of specific ingredients for artificial diets and can lead to a better food conversion ratio, as well as a reduction in the dependence on live feed during early lyfe-stages.
The importance of trypsin as the key enzyme in protein digestion processes has been established in studies addressing the digestive physiology of aquatic animals (Alencar, et al., 2003; Muhlia-Almazán, 2003; CelisGuerrero, et al., 2004; Natalia, 2004; Castillo-Yáñez, et al., 2005) . In fact, trypsin is one of the main digestive proteases detected in the pyloric caeca and the intestine of fish, as well as in the hepatopancreas of crustaceans (Le Moullac, et al., 1997; Khantaphant et al., 2008; Buarque et al., 2009 ). This enzyme is a member of a large family of serine proteases that cleaves proteins and peptides on the carboxyl side of arginine and lysine. It is the most important digestive enzyme in animals and humans due to its role in activating other enzymes (Klomklao et al., 2006; Kishimura et al., 2007) . Therefore, the aim of the present study was to characterize the proteinases and investigate the trypsin activity of the harpacticoid copepod Tisbe biminiensis Volkmann-Rocco, 1973 and its physicalchemical and kinetics properties as well as characterization by SDS-PAGE and zymograms.
MATERIALS AND METHODS

Reagents
All substrates and proteases inhibitors were purchased from SIGMA (St. Louis, MO, USA). All other reagents used in this work were of analytical grade.
Copepod Culture
Copepod (T. biminiensis) was cultured for several generations in 500 mL or 5 L vessels in 25 and 3 mm filtered seawater (34 to 36%). Specimens were fed on both Thalassiosira sp. or Chaetoceros muelerii microalgae, and a commercial fish food (Alcon BasicH) (Souza-Santos et al., 2006) . Microalgae were cultivated in f/2 medium (Guillard, 1975) . For medium preparation, Tris-HCl buffer (25% v/v pH 7.8) and f/2 nutrient stocks were added before medium sterilization in an autoclave (121uC for 15 min). A vitamin solution was sterilized by filtration (0.2 mm) and added to the medium just before algal inoculation) (Lima et al., 2007) . Copepod and microalga cultures were incubated at 28.5 6 1.5uC in 12:12 h light: dark photoperiod (Pinto et al., 2001 ).
Preparation of the Crude Extract
Ten thousand of T. biminiensis were individually collected and homogenized in 0.01 M Tris-HCl buffer pH 8.0 (10 mL) prepared in 0.15 mM NaCl using a tissue homogenizer. The homogenate was centrifuged at 10,000 3 g for 5 min at 4uC to remove cell debris and nuclei. The supernatant (crude extract) was frozen at 220uC and used for further characterization studies.
Assay Protocols
Non-specific and specific enzyme assays.-Unspecific proteolytic activity was assayed using azocasein as substrate in a microcentrifuge tube (Bezerra et al., 2005) . One unit (U) of enzymatic activity was defined as the amount of enzyme required to hydrolyze azocasein and to produce a 0.001 increase in absorbance per min. Specific activity was expressed as units per mg of protein.
Trypsin activity was determined using a final concentration of 1.2 mM BApNA (N-a-benzoyl-DL-arginine-p-nitroanilide) as the specific substrate (Bezerra et al., 2001) . One unit (U) of activity was defined as the amount of enzyme required to produce one mmol of p-nitroaniline per minute (e 5 8800 M 21 cm
21
). Specific activity was expressed as units per mg of protein.
Protein determination.-Protein content was estimated by measuring sample absorbance at 280 and 260 nm using the following equation:
[protein] mg/mL 5 A 280 nm 3 1.55 2 A 260 nm 3 0.76 (Warburg and Christian, 1941) .
Physical-chemical characterization.-The influences of temperature and pH on the proteolytic activity of the enzyme preparation was evaluated as follows: the enzyme activity in the crude extract was assayed (duplicate) as described above at temperatures ranging from 25 to 75uC and pH from 7.2 to 10.5 (Tris-HCl and NaOH-Glycine buffers) using 1.2 mM BApNA as substrate. Thermostability was evaluated by assaying enzyme activity at 25uC after pre-incubation for 30 min at temperatures ranging from 25 to 75uC (Bezerra et al., 2001 ).
Effects of inhibitors.-Samples of the crude extract (30 mL) and 0.1 mM Tris-HCl pH 8.0 (115 mL) were transferred to a 96-well microtiter plate containing the following reagents (25 mL), prepared in DMSO: 8 mM PMSF, TPCK, TLCK, benzamidine, b-mercaptoethanol, ethylenediaminetetraacetic acid (EDTA), and 40 mg/mL soy bean trypsin inhibitor SBTI (each one in a separate well). After incubation for 15 min 8 mM BApNA (30 mL) was added. The increase in absorbance at 405 nm was monitored using a microtiter plate reader. Controls were performed without the enzyme or substrate solution (Bezerra et al., 2001 ).
Kinetics parameters.-The Michaelis-Menten constant (K m ) was calculated by assaying trypsin activity using BApNA concentrations (0.25 to 32 mM). The reaction was started by addition of 30 mL of the crude extract (3.247 mg protein/mL). The increase in absorbance at 405 nm was monitored using a microtiter plate reader. The reaction rates obtained were fitted using the Microcal Origin 6.02. Each reaction was performed in duplicate. The blanks were prepared similarly, but without the enzyme (Bezerra et al., 2005) .
SDS-PAGE and zymograms.-Proteins from T. biminiensis were separated by sodium dodecylsulfate polyacrylamide gel electrophoresis-SDS-PAGE, according to Laemmli (1970) . The gel was stained with silver nitrate. Electrophoresis was performed at a constant current of 15 mA per gel, at 4uC.
Zimograms were carried out following the method described by GarciaCarreño et al. (1993) . The extracts were previously incubated with the following protease inhibitors prepared in DMSO at final concentration of 2 mM: TPCK, PMSF, TLCK, benzamidine and bestatine. The control was prepared using DMSO without inhibitor. After electrophoresis (4uC), gels were immersed in 2.5% Triton X-100 in 0.1 M Tris-HCl pH 8.0 to remove SDS. The Triton X-100 was removed by washing the gels three times with 100 mL of 0.1 M Tris-HCl buffer, pH 8.0 and then incubated with 3% casein (w/v) prepared in 0.1 M Tris-HCl pH 8.0 for 30 min at 4uC. The temperature was raised to 37uC for 90 min in order to allow the digestion of casein by the active proteinases. Finally, gels were stained for protein using Coomassie Brilliant Blue R250.
Statistical analysis.-The Microcal Origin 6.02 software was used for statistical analysis. Data are expressed as mean 6 standard deviation.
RESULTS
The crude extract of T. biminiensis exhibited unspecific proteolytic activity of 0.39 U.mg 21 using azocasein as the substrate. Specific tryptic activity was 2.27 6 0.12 U.mg 21 of protein using BApNA as the substrate. Figure 1 displays the effect of pH on trypsin activity of the crude extract from T. biminiensis. A high trypsin activity was detected at pH values ranging from 9.0 to 10.5, with an estimated optimum activity at pH at 9.0. The optimal temperature was 55uC (Fig. 2) . The enzymatic activity was stable from 25 to 50uC (Fig. 3) . A further increase to 55uC caused a 50% decrease in trypsin activity. This activity was virtually negligible at temperatures higher than 60uC.
FRANÇ A ET AL.: PROTEASES FROM THE COPEPOD TISBE BIMINIENSIS
The rates of BApNA hydrolysis obeyed MichaelisMenten kinetics (Fig. 4) . The Km and Vmax of T. biminiensis were 0.59 6 0.07165 mM and 3.5 6 0.1 mM.min 21 mg 21 of protein, respectively. The effect of four proteases inhibitors on the proteinases of the crude extract from T. biminiensis were determined (Table 1) . The proteolytic activity (using BApNA as substrate) was inhibited by serine protease inhibitors, such as PMSF (35% 6 1%) and specific trypsin inhibitors, such as TLCK (100% 6 1%), benzamidine (91% 6 10%) and SBTI (100% 6 2%).
Proteins profile showed bands from 116 to 14.0 kDa (Fig. 5) . The caseinolytic activity of T. biminiensis crude extract revealed eight active bands in substrate-SDS-PAGE at 25uC (Fig. 5, lane 1; P1 , P2, P3, P4, P5, P6, P7 and P8). The effects of five inhibitors were also determined using substrate-SDS-PAGE Four of the eight caseinolytic bands were not inhibited by any of the employed inhibitors (P1, P3, P4 and P5). The use of TPCK did not significantly affect the caseinolytic activity (Fig. 5, lane 2) . PMSF inhibited only one caseinolytic band, P8 (Fig. 5, lane 3) . TLCK strongly inhibited P2, P6 and P7 (Fig. 5, lane 4) . Benzamidine completely inhibited only P2 (Fig. 5, lane 5) . Bestatin totally inhibited P6, P7 and P8 band (Fig. 5, lane 6) .
DISCUSSION
Studies involving digestive enzymes have been carried out in recent decades in order to fill the gaps of knowledge concerning the physiology and biology of aquatic animals. Several authors have characterized trypsin activity based on physical-chemical properties, such as optimal pH and temperature, thermostability, SDS-PAGE and zymograms Fig. 1 . Effects of pH on trypsin activity from the crude extract of T. biminiensis. Activity was measured using Tris-HCl (&) and NaOHglycine (#) buffers. Final concentration of BApNA as substrate was 1.2 mM. The highest activity (100%) was at pH 9.0. Fig. 2 . Effect of temperature on trypsin activity from the crude extract of T. biminiensis. The activity was evaluated at temperatures ranging from 25uC to 75uC and using BApNA as substrate at final concentration of 1.2 mM BApNA. The highest activity (100%) was at 55uC. Fig. 3 . Thermostability of proteolytic activity of T. biminiensis. Enzyme samples were pre-incubated at the indicated temperatures and after 25uC equilibration the activity was assayed (duplicates) using final concentration of 1.2 mM BApNA as substrate. ( Kumar et al., 2005; Casanova, et al., 2006 , Lemos et al., 2000 . Besides digestion with endogenous enzymes, studies have also addressed the role of exogenous enzymes in the digestive physiology of commercial aquatic species (García-Ortega et al., 1998; Warner, 1998) . In a recent publication, Cheol-Seung et al. (2008) reported the addition of exogenous enzymes to artificial diets in order to enhance nutrient absorption, mainly during larval stages. Despite the incorporation of commercial enzymes to improve the artificial diet digestibility, it seems that there is no compatibility between the employed enzymes and the digestive physiology of farmed aquatic animals (CheolSeung et al., 2008; Koven et al., 2001) . One of the best advantages of live feed is the presence of a high content of digestive enzymes (Kuźmina et al., 2004) . Thus, studies on the characterization of digestive enzymes from these organisms are essential to evaluate the similarity between the properties of enzymes from live feed and farmed species. Lauff (1983) described a specific trypsin activity of 9.3 U.mg 21 of protein for Artemia salina (Linnaeus, 1758) , which is the main live feed used in aquaculture. Daphnia carinata King, 1853 have a trypsin activity of 0.21 6 0.02 U.mg 21 of protein (Kumar et al., 2005) . In Monia sp. (an important member of pond cladocerans), trypsin and chymotrypsin activity was 47.3 and 3.9 U.mg 21 of protein, respectively (Lauff and Hofer, 1984) . In this work, a trypsin activity of 2.27 6 0.12 U.mg 21 of protein is described for the crude extract of T. biminiensis. A range of values of trypsin activity have been observed in the literature from 0.21 to 47.3 U.mg 21 of protein). In fact, in this case, it is very difficult to compare these values, mainly because there is no stand between the experimental conditions employed by the authors.
A comparison between the physical-chemical and kinetics properties (optimal pH, temperature, thermostability and Km) of proteinases from T. biminiensis and farmed aquatic species is showed in Table 2 . Optimal temperature for T. biminiensis was 55uC. Similar results have been found for such enzymes of Nile tilapia and tambaqui (50 and 55uC, respectively). García-Carreño et al., (2002) found an optimal temperature of 60uC for the piracanjuba (Brycon orbignyanus). The trypsin of Penaeus californiensis (Holmes, 1900) have an optimal temperature of 50uC (Vega-Villasante et al., 1995) . García-Ortega et al., (2000) submitted decapsulated cysts of Artemia to heat treatment for 5 min and found lower total alkaline protease and specific trypsin activity. The reduction in enzymatic activity in cysts heated at high temperatures implies less exogenous enzymes for the digestive process of fish and crustaceans. The MichaellisMenten constant for the trypsin-like enzyme from T. biminiensis was 0.59 mM. This value represents an intermediate value between the copepod and farmed aquatic animals trypsins (Table 2) . It is higher than that reported for tropical fish mullet, Mugil cephalus -0.49 mM (Guizani et al., 1991) and lower than Nile tilapia (Oreochromis niloticus -0.755 mM (Bezerra et al., 2005) .
The molecular weights of protein bands of the crude extract from T. biminiensis were similar to values described in the literature for other aquatic species. Kumar et al. (2005) found similar results for proteins from Daphnia carinata, which ranged from 20 to 93 kDa. SDS-PAGE of carnivorous ornamental fish (Scleropages formosus) revealed at least eight different alkaline proteases with molecular weight ranging from 18.6 to 97 kDa in both intestine and pancreas samples (Natalia, et al., 2004) . Hara et al. (1984a and 1984b) studied alkaline proteases from the rotifer Brachionus plicatilis (serine protease and trypsinlike), important specie used as live food for larvicultures, reached the conclusion that proteins called as F-1 and F-II present in the digestive system of rotifers are responsible for digestion of proteins. Wethmar and Kleinow (1993a) characterized the proteolytic activity of rotifer extracts using zymograms and found proteases bands ranging from 45 kDa to 90 kDa. Díaz et al. (1997) also found two caseinolytic bands of 53 kDa and 71 kDa.
Eight caseinolytic bands were observed in the zymogram of the crude extract of T. biminiensis. The findings that TLCK and benzamidine inhibited bands in the zymogram together with the strong inhibition of the trypsin activity (BApNA as substrate) by specific trypsin inhibitors (TLCK, SBTI and benzamidine) reinforces the presence of trypsin-like enzymes in the crude extract from T. biminiensis. Lemos et al. (2000) found similar results regarding ontogenic variation of Farfantepenaeus paulensis (Pérez Farfante, 1967) larvae and postlarvae (Pérez Farfante, 1967) . Low inhibition by PMSF observed in zymograms of T. biminiensis is in agreement with the inhibition assay (using soluble enzymes), in which PMSF exhibited a low degree of inhibition (35% 6 1%). According to Garcia-Carreño et al. (1994) , most of digestive enzymes from decapods are serine proteases such as trypsin and chymotrypsin. However, TPCK (a potent chymotrypsin inhibitor) exhibited no inhibition on the proteinase activity of the crude extract from T. biminienis. This was observed for both zymogram and soluble enzyme assays. In fact, the non-inhibitor effect of commercial proteases inhibitors like TPCK on proteases from aquatic organisms has been cited in the literature (Lemos et al., 1999) . Moreover, none of the caseinolytic bands observed in the zymogram of T. biminiensis were affected by any of the employed inhibitors. These molecules were synthesized based on a mammalian protease mechanism. However, some work has confirmed that proteases from aquatic organisms have different mechanisms of action (Almeida et al., 2006) and variations in these enzymes occur because different types of dietary protein and environments require different types of enzymes for its digestion (Cahu and Zambonino Infante, 1994; García-Ortega et al., 2001) . Bestatine also inhibited caseinolytic bands; this fact reinforces the presence of aminopeptidases in the crude extracts from T. biminiensis. This is important because the presence of both proteinases and peptidases can be related to efficient digestion and incorporation of key nutrients (amino acids and peptides). Adequate nutrition is one of the principal factors influencing larval survival and depends on an effective ingestion, digestion and assimilation of essential nutrients (Lazo et al., 2007) . The knowledge of these physiological and metabolic peculiarities, as well as how they can be affected by diverse factors, provides a good tool with which to optimise fish and crustacean cultures (Furné et al., 2008) .
In conclusion, alkaline proteinases are present in the crude extract from T. biminiensis and were strongly inhibited when specific trypsin inhibitors were used thereby demonstrating that trypsin plays an important role in protein digestion in T. biminiensis. This enzyme was found to have physical-chemical characteristics and kinetics parameters similar to those described for farmed aquatic animals. 
